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JWST Science Themes
First Light & Reionization

Planetary Systems 
and the Origins of Life

Birth of Stars and 
Protoplanetary Systems

Assembly of Galaxies



JWST: Planetary Systems and the Origins of Life

Image Credit: Robert Hurt

determine the physical and chemical 
properties of planetary systems 

(including our own) and assess where the 
building blocks of life may be present



JWST observations within our Solar System



JWST observations within our Solar System





JWST Instrumentation
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Villanueva et al. 2016

Mars motion & size



Mars motion & size versus JWST non-sidereal track rate 

Villanueva et al. 2016
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JWST requirement: up to 30 mas/sec = 108 arcsec per hour



JWST saturation limits for bright planets (Mars, J, S, U, N)

NIRCam subarray 
640 pixels = 40”

https://jwst-docs.stsci.edu/near-infrared-
camera/nircam-instrumentation/nircam-

detector-overview/nircam-detector-subarray



Common types of JWST Observing Proposals

GO = General Observer (proposed new obs)

AR = Archival Proposals (data from archive)

GTO = Guaranteed Time Observations
• Investigators selected in 2003
• Instrument teams (4 teams)
• Interdisciplinary Scientists  (6 selected)
• Others (Project Scientist, Telescope Scientist, etc)

DD-ERS = Director’s Discretionary Early Release Science
• Investigators selected in 2017 (13 selected)
• No exclusive access period and can be used as a basis for 

Cycle 1 Archival Research (AR) Proposals

JWST at NGAS Spacepark, approved public release #20-0288 



JWST Proposals for Solar System Science
GO and AR =  PEOPLE MUST PROPOSE!  

GTO = Guaranteed Time Observations

• Investigators selected in 2003

• Instrument teams (4 teams; some had interest in KBOs)

• Interdisciplinary Scientists  (6 selected; 2 Solar System)

Jonathan Lunine, to study Titan, KBOs, and exoplanets:  ~100 hours

Heidi Hammel, to study the Solar System:  ~100 hours

DD-ERS = Director’s Discretionary Early Release Science

• Investigators selected in 2017 (13 selected; 1 Solar System)

Imke de Pater and Thierry Forget, to study the Jupiter system

“You have to buy a 
lottery ticket to win 

the lottery!”



JWST GTO AR-accessible Solar System Programs
100% of de Pater/Forget ERS time 

Jupiter System Science
Atmos  Aurorae Io  Ganymede Rings

Almost 100% of Hammel GTO time                
Solar System Science 
Asteroids and NEOs

Comets   Mars
Jupiter, Saturn, Uranus, Neptune

Saturn’s rings and small sats
Europa and Enceladus

Titan     KBOs     Occultations
Details on all GTO programs including Solar System:  

https://jwst-docs.stsci.edu/display/JSP/JWST+GTO+Observation+Specifications



JWST GTO AR-accessible Solar System Programs
100% of de Pater/Forget ERS time 

Jupiter System Science
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KBOs are shared with instrument teams, who have not waived proprietary time



JWST GTO Solar System Science Team 

Michael Kelley & Stefanie Milam
Comets

Geronimo Villanueva
Mars, Europa, & Enceladus

Andy Rivkin
Asteroids & Trojans

Leigh Fletcher
Atm: Jup, Sat, Ura, & Nep

Matt Tiscareno
Saturn’s rings & 

small sats

Conor Nixon & Jonathan Lunine
Titan

Alex Parker & John Stansberry
KBOs

Pablo Santos-Sanz
Occultations

Cristina Thomas
NEOs



Mars with JWST and Hubble



Villanueva et al. 2015

JWST global maps of Mars:  surface, dust, organics

Simulations by Geronimo Villanueva



HDO and H2O with NIRSpec

Villanueva et al. 2016



Organics on Mars

Villanueva et al. 2016



Asteroids photobomb Hubble’s 
Frontier Field for Abell 370

Asteroids photobombing a Hubble Field



Andy Rivkin & Cristina Thomas



From presentation by Sonneborn et al.



From Rivkin et al. 
JWST white paper for asteroids

adapted from Beck et al. (2010): 
the band near 3700 cm-1 (due to 

hydroxyl in silicates) systematically 
changes as a function of 

metamorphic grade 

the variation is in a wavelength 
region entirely blocked by the 

Earth’s atmosphere (blue shaded 
region), making JWST a unique 

facility to study this variation



Giant Planets with JWST 



Subarrays provide ability to observe bright 
targets like Jupiter and Saturn

Stansberry, Fletcher

For Jupiter, 5-micron window provides:
• Possible signatures of chromophores
• Stratospheric structure
• Access to fresh ice material
• Ammonia, ethane, phosphine

Giant Planet Atmospheres Team led by Leigh Fletcher



MIRI IFU field of view 
compared with Uranus

For Uranus and Neptune: temperature and 
winds as a function of altitude, to relate 

circulation to the banded weather patterns, as 
well as ortho/para H2 ratios; stratospheric 

hydrocarbon abundances; volatiles distributions 
(e.g., NH3, H2S); disequilibrium species (PH3); 

clouds and aerosols

FletcherGiant Planet Atmospheres Team led by Leigh Fletcher



Exploring ocean worlds
Jupiter’s moon

Europa
Saturn’s moon

Enceladus



Probing the sub-surface oceans of Europa and Enceladus with JWST
Geronimo Villanueva, GSFC 



Titan



Spatially and Spectrally resolved Titan studies 



Comet 21P/Giacobini-Zinner on August 14, 2018 (image credit and copyright: Rolando Ligustri)



Key features
at JWST
wavelengths

Comet spectroscopy and imaging

Many key molecular features are 
found at JWST’s wavelengths

IR filters distinguish gas vs dust in 
comae (M. Kelley Spitzer data)

Observations led by Michael Kelley and Stefanie Milam



JWST can characterize nearly every Kuiper Belt Object known to date





Cycle 1 Call for JWST Proposals



http://www.stsci.edu/jwst/science-planning/calls-for-proposals-and-policy

JWST Science Planning Timeline
Cycles 1 & 2 Calls for proposals

today



JWST Cycle 1 GO Proposal Call – due 1 May 2020 

Cycle 1 GO call supports Calibration Proposals, Long-Term Proposals, 
Treasury Proposals, and Survey Proposals 

Also proposals for Theory Programs, Data Science Software development, and 

Archival Programs to support analysis of calibration, the Director’s Discretionary 
Early Release Science (DD-ERS) data, and the GTO AR-accessible programs



Archival Research for Solar System



How to Learn More re JWST & Solar System
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JWST GTO Solar System Science Team (thank you!) 

Michael Kelley & Stefanie Milam
Comets

Geronimo Villanueva
Mars, Europa, & Enceladus

Andy Rivkin
Asteroids & Trojans

Leigh Fletcher
Atm: Jup, Sat, Ura, & Nep

Matt Tiscareno
Saturn’s rings & 

small sats

Conor Nixon & Jonathan Lunine
Titan

Alex Parker & John Stansberry
KBOs

Pablo Santos-Sanz
Occultations

Cristina Thomas
NEOs
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JWST Training Events       https://jwst.stsci.edu/events

PASP articles (Jan 2016, Vol. 128,No. 959)    https://tinyurl.com/y7q6kfra

Contacts
Stefanie Milam for proposal details (stefanie.n.milam@nasa.gov)

Heidi Hammel for GTO details (hbh@alum.mit.edu)

John Stansberry for JWST observing details (jstans@stsci.edu) 

Imke de Pater for ERS details (imke@berkeley.edu)
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Thank you.  Enjoy the assembly movie!   What questions do you have about JWST Solar System?




